We investigate observational properties of accretion-induced collapse (AIC) of white dwarfs in radio frequencies. If AIC is triggered by accretion from a companion star, a dense circumstellar medium can be formed around the progenitor system. Then, the ejecta from AIC collide to the dense circumstellar medium, making a strong shock. The strong shock can produce synchrotron emission which can be observed in radio frequencies. Even if AIC occurs as a result of white dwarf mergers, we argue that AIC may cause fast radio bursts if a certain condition is satisfied. If AIC forms neutron stars which are so massive that rotation is required to support themselves (i.e., supramassive neutron stars), the supramassive neutron stars may immediately lose their rotational energy by the r-mode instability and collapse to black holes. If the collapsing supramassive neutron stars are strongly magnetized, they may emit fast radio bursts as previously suggested. The AIC radio transients from the single-degenerate systems may be detected in the future radio transient surveys like Very Large Array Sky Survey or the Square Kilometer Array transient survey. Because AIC is suggested to be a gravitational wave source, gravitational waves from AIC may be accompanied by radio-bright transients which can be used to confirm the AIC origin of observed gravitational waves.
1. INTRODUCTION Accretion-induced collapse (AIC) is a theoretically predicted final fate of white dwarfs (WDs). If a WD reaching the Chandrasekhar mass limit triggers electron-capture reactions at its center, the WD collapses to a neutron star (NS) (e.g., Nomoto & Kondo 1991) . This transformation from a WD to a NS is referred as AIC. AIC has been argued as a way to produce NSs in globular clusters (e.g., Bailyn & Grindlay 1990) and some millisecond pulsars (e.g., Bhattacharya & van den Heuvel 1991; Tauris et al. 2013) . AIC can also be a site of the r-process nucleosynthesis (e.g., Qian & Wasserburg 2007) and ultrahigh-energy cosmic ray production (e.g., Piro & Kollmeier 2016 ).
There are two major suggested evolutionary paths to cause AIC. The first path is through the accretion from nondegenerate stars onto O+Ne+Mg WDs [single-degenerate (SD) scenario, e.g., Nomoto & Kondo 1991] . If the accretion rate (Ṁ acc ) is sufficiently high (Ṁ acc ∼ 10 −7 − 10 −5 M ⊙ yr −1 , e.g., Nomoto & Kondo 1991; Nomoto et al. 2007; Shen & Bildsten 2007) , the O+Ne+Mg WDs can grow their mass close to the Chandrasekhar limit and the electron-capture reactions can be triggered at their center. The other path is through the merger of two WDs [double-degenerate (DD) scenario, e.g., Webbink 1984; Iben & Tutukov 1984] . WD mergers can lead to the formation of massive WDs depending on the mass ratio of the two WDs (e.g., Dan et al. 2014; Shen 2015; Sato et al. 2016) . It has long been believed that the WD merger leads to the off-center carbon ignition (e.g., Nomoto & Iben 1985; Saio & Nomoto 1985) . The carbon burning gradually propagates into the WD center, transforming a C+O WD into an O+Ne+Mg WD. If the WD formed by the merger is heavier than the Chandrasekhar mass limit, the O+Ne+Mg WD will eventually cause AIC when its center becomes dense enough because of the cooling (e.g., Yoon & Langer 2005) . However, this classical view has also been recently questioned (e.g., Schwab et al. 2016; Yoon et al. 2007) .
Understanding electromagnetic (EM) signatures of AIC and identifying them in transient surveys are important to confirm the existence of AIC. It is also important to know how often AIC actually occurs in the Universe to constrain the evolutionary path leading to AIC. Furthermore, AIC is a potential source of gravitational waves (GWs) (e.g., Abdikamalov et al. 2010 ) and the knowledge of their EM counterparts is essential in identifying them. Early studies by Dessart et al. (2006 Dessart et al. ( , 2007 found that the radioactive 56 Ni, which is a major heating source of supernovae (SNe), is not much synthesized during AIC and no luminous optical transients may be accompanied by AIC. However, the subsequent studies by Metzger et al. (2009); Darbha et al. (2010) showed that AIC from rapidly rotating WDs may form a rotationally supported disk which makes 56 Ni-rich outflows and that AIC can be accompanied by faint optical transients evolving in a timescale of several days.
In this paper, we investigate EM properties of AIC in radio frequencies. Especially, since O+Ne+Mg WDs in SD systems cause AIC due to a large accretion, a large outflow from accreting WDs, companion stars, or their common envelopes is likely to exist as in Type Ia SN progenitors from SD systems (e.g., Chomiuk et al. 2012 for a summary). The large outflow makes dense circumstellar media (CSM) and AIC occurs in the dense CSM. Then, the ejecta from AIC collide to the dense CSM and strong shock waves emitting radio can be formed. Radio emission due to the CSM interaction has been used to constrain the progenitor channel (SD or DD) of Type Ia SNe. The lack of radio emission, and therefore dense CSM, in many Type Ia SNe rules out most of the suggested SD models and the DD channel is favored in them (e.g., Chomiuk et al. 2016 Chomiuk et al. , 2012 , although some Type Ia SNe show possible signatures of the SN-CSM interaction and they may be from the SD channel (e.g., Hamuy et al. 2003; Foley et al. Metzger et al. (2009) 2012; Dilday et al. 2012) . However, in the case of AIC, the lack of the dense CSM in the DD channel does not prevent the appearance of strong radio emission. There is a chance to cause fast radio bursts (FRBs, e.g., Lorimer et al. 2007; Thornton et al. 2013 ) from the collapse itself as we discuss in this paper.
There are a few previous studies on radio transients from AIC. Piro & Kulkarni (2013) suggest that spin-down of newly born magnetars by AIC makes a pulsar wind nebula (PWN) in the AIC ejecta and the interaction between the AIC ejecta and the PWN can result in radio emission. In this paper, we study radio emission due to the interaction between AIC ejecta and CSM created by their evolution towards AIC. Metzger et al. (2015b) study the radio emission from AIC interacting with interstellar media, but not with CSM. No previous studies consider AIC as an FRB progenitor.
We first overview the predicted ejecta properties of AIC in Section 2. Then, we discuss the radio emission expected from AIC in Section 3. We discuss the rate and observations of the radio transients from AIC in Section 4 and conclude this paper in Section 5.
2. AIC EJECTA PROPERTIES We first summarize properties of ejecta from AIC. The ejecta properties affect the radio emission from AIC especially when AIC occurs in the SD systems. Dessart et al. (2006) showed that AIC can result in explosions with the ejecta mass (M ej ) of ∼ 10 −3 M ⊙ and the explosion energy (E ej ) of ∼ 10 49 erg with the neutrino-driven mechanism. Later, Dessart et al. (2007) found that the ejecta mass and the explosion energy of AIC can be enhanced to M ej ∼ 0.1 M ⊙ and E ej ∼ 10 51 erg if the AIC explosion is magnetically driven. In both cases, they find that the production of 56 Ni is negligible (∼ 10 −4 M ⊙ ) and AIC is not optically bright.
However, subsequent studies by Metzger et al. (2009); Darbha et al. (2010) proposed a different mechanism in AIC to have 56 Ni-rich ejecta with M ej ∼ 0.01 M ⊙ . When AIC occurs in rapidly rotating WDs, an accretion disk supported by the centrifugal force can be formed. The disk initially becomes neutron-rich because of its neutrino emission. However, thanks to neutrinos from the proto-NS, the proton-toneutron ratio in the disk becomes ∼ 1 and the hot disk will be composed mostly of 56 Ni. The disk can eventually start to move outwards and become ejecta because of the viscous stress and the nuclear fusion energy provided by the 4 He production. The typical ejecta velocity is estimated to be ∼ 0.1c, where c is the speed of light, and E ej is ∼ 10 50 erg. In this case, optical transients with the peak luminosity of ∼ 10 41 erg s
and the rise time of 1 − 10 days can be accompanied by AIC. Table 1 summarizes the three possible ejecta properties from AIC currently predicted.
3. RADIO TRANSIENTS FROM AIC 3.1. AIC from SD systems AIC in SD systems occurs if the accretion rate onto a WD is large enough to keep the surface burning steady. The required accretion rate is ∼ 10 −7 − 10 −5 M ⊙ yr −1 (e.g., Nomoto & Kondo 1991; Nomoto et al. 2007; Shen & Bildsten 2007) . There are several SD evolutionary channels for WDs to achieve such a high accretion rate. The high accretion rates are often accompanied with high mass-loss rates, resulting in large CSM density. Thus, the ejecta from AIC collide with the dense CSM and a strong shock emerges. Electrons can be accelerated at the shock and synchrotron emission can be emerged from the accelerated relativistic electrons as found in SNe exploding within CSM (e.g., Fransson & Björnsson 1998) . This synchrotron emission can be observed in radio frequencies.
LetṀ loss the mass-loss rate from a SD system leading to AIC. Then, the CSM density ρ CSM of the system is expressed as
where r is the radius and v w is the wind velocity. We assume that the ejecta expand homologously with the density structure ρ ej ∝ r −n (outside) and ρ ej ∝ r −δ (inside). Then, the forward shock radius (r sh ) and velocity (v sh ) can be obtained analytically as a self-similar solution (Chevalier 1982) . We adopt this analytic solution with n = 7 and δ = 1. However, the analytic solution is no longer valid when the reverse shock starts to propagate into the inner flat density region. This starts when the swept-up CSM mass becomes comparable to M ej , i.e., when M ej ∼Ṁ loss r sh /v w (e.g., Moriya et al. 2013 ). After this moment, we assume that the shock expands following
0.5 . Although we change the formulation of v sh abruptly when M ej =Ṁ loss r sh /v w is satisfied for simplicity, v sh is found to change smoothly. This transition only occurs in the highest CSM density models we show later in this section.
Given the shock radius r sh and the shock velocity v sh , the synchrotron luminosity at a frequency ν from the shock (L ν ) can be estimated as (e.g., Björnsson & Fransson 2004; Fransson & Björnsson 1998) 
where n rel,γ is the number density of the relativistic electrons with the Lorentz factor γ, γ ν = (2πm e cν/eB) 0.5 is the Lorentz factor of the relativistic electrons with the characteristic frequency ν, γ min ∼ 1 is the minimum Lorentz factor of the accelerated electrons, m e is the electron mass, e is the electron charge, and B is a magnetic field strength. We assume that the number density distribution of the relativistic electrons with the Lorentz factor γ follows dn rel,γ /dγ ∝ γ −p with p = 3. The synchrotron cooling timescale at ν is t sync,ν = 6πm e c/σ T γ ν B 2 , where σ T is the Thomson scattering cross section. We also take the synchrotron self-absorption (SSA) at the shock into account (e.g., Chevalier 1998). The SSA optical depth is τ SSA,ν = (ν/ν SSA ) −(p+4)/2 with the SSA frequency ν SSA ≃ 3 × 10 5 (r sh ǫ e /ǫ B ) 2/7 B 9/7 Hz in cgs units. Here, ǫ e is the fraction of the post-shock energy used for the electron acceleration and ǫ B is the fraction converted to the magnetic field energy. We assume ǫ e = ǫ B = 0.1 in the rest of this paper. We neglect the free-free absorption in the unshocked CSM as the CSM density is not high enough for it to be effective.
The radio luminosity (Eq. 2) is proportional to the CSM (Table 1 ) and the different CSM densities (A * = 0.001 − 10). Note the difference in the x axis in the right and left panels.
density. As the CSM density scales withṀ loss /v w (Eq. 1), the radio luminosity scales withṀ loss /v w . Following the convention, we define A * ≡ (Ṁ loss /v w )/(10 −5 M ⊙ yr −1 /1000 km s −1 ). The mass loss from the SD system determining A * depends on SD channels. We consider several possible outflows from the SD systems as follows (see, e.g., Chomiuk et al. 2012 for a summary).
One possible SD channel leading to a large accretion is the stable Roche-lobe overflow (RLOF) onto WDs. The RLOF can make nuclear burning stable at around the accretion rate required for AIC. Assuming that a small fraction (∼ 1%) of the transferred mass is lost through the outer Lagrangian point (Chomiuk et al. 2012 and references therein), we expectṀ loss ∼ 10 −9 − 10 −7 M ⊙ yr −1 with v w ∼ 100 km s −1 , or A * ∼ 0.001 − 0.1. However, the large accretion rate may result in the optically thick wind when the accretion rate is above ∼ 10 −6 M ⊙ yr −1 (Hachisu et al. 1999) . Then,Ṁ loss ∼ 10 −6 − 10 −5 M ⊙ yr −1 with v w ∼ 1000 km s −1 can be achieved. This outflow makes A * ∼ 0.1 − 1. Another possible SD channel is a symbiotic system in which the accreting mass is provided by a red giant (e.g., Seaquist & Taylor 1990) . The mass loss from the symbiotic system is dominated by the wind from the red giant. AssumingṀ loss ∼ 10 −8 − 10 −6 M ⊙ yr −1 with v w ∼ 10 km s −1 , we expect A * ∼ 0.1 − 10. To summarize, A * ∼ 0.001 − 10 is expected in AIC from the SD model.
The radio LCs expected from the abovementioned SD systems are summarized in Figure 1 . The three different AIC ejecta in Table 1 are adopted. We show the radio LCs at two representative frequencies, 1 GHz and 10 GHz. The expected peak radio luminosity from AIC ranges ∼ 10 26 − 10 29 erg s −1 Hz −1 . The peak luminosities of the A * ∼ 0.1 models are comparable to those of stripped-envelope SNe, although stripped-envelope SNe typically have A * ∼ 1. This is because of higher velocities in AIC ejecta. While strippedenvelope SNe typically have E ej /M ej ∼ 1 foe/M ⊙ where 1 foe ≡ 10 51 erg (e.g., Lyman et al. 2016) , the AIC ejecta have E ej /M ej ∼ 10 foe/M ⊙ (Table 1) . Therefore, their shock velocities [∝ (E ej /M ej ) 0.5 ] are higher, making the radio luminosities comparable to those of stripped-envelope SNe. The higher shock velocities also makes radio luminosities of AIC higher than those of Type Ia SNe since E ej /M ej is ∼ 1 foe/M ⊙ in Type Ia SNe as well (e.g., Mazzali et al. 2007; Scalzo et al. 2014) . When A * 1, the peak radio luminosities of AIC can be comparable to, or even higher than, those of Type IIn SNe which are among the most radio luminous SNe (e.g., PerezTorres et al. 2015) .
The rise times t rise,ν of the AIC radio LCs strongly depend on frequencies to observe, mainly because of the frequency dependence of SSA. The rise time follows t rise,ν ∝ ν −7(n−2)/(7n−12) A
55 ⋆ in our case. Roughly speaking, the rise time is inversely proportional to the frequency. Similarly, the peak radio luminosity is proportional to ν 19/(7n−12) A 19(n−5)/2(7n−12) * or ν 0.51 A 0.51 * . Shortly, the radio LCs at longer frequencies have shorter rise times. The radio LCs at 1 GHz typically rise in 10 − 100 days, while they typically rise within 10 days at 10 GHz.
In the models with A ⋆ = 10, the deviation from the selfsimilar solution for r sh and v sh makes the LC decline after the peak steeper (L ν ∝ t −2 ). When the shock follows the self-similar solution, L ν after the peak is proportional to t −(n+1)/(n−2) or t −8/5 in our case. Radio emission from AIC is also suggested to originate from the interaction between AIC ejecta and PWN (Piro & Kulkarni 2013) . It is important to distinguish the two different origins of the AIC radio emission observationally. Piro & Kulkarni (2013) predict that the peak radio luminosity from the AIC-PWN interaction is 10 28 − 10 29 erg s −1 Hz −1 at 1.4 GHz. The expected peak luminosity range for the AIC-CSM interaction is 10 26 − 10 29 erg s −1 Hz −1 and the luminosity variation from the AIC-CSM interaction is larger. The radio LCs from the AIC-PWN interaction is likely to rise more quickly because the AIC ejecta are denser than the CSM and the free-free absorption can be stronger in early phases in the case of the AIC-PWN interaction. Finally, the radio luminosity from the interaction between AIC ejecta and the interstellar medium is expected to be fainter than that from the interaction between AIC ejecta and the CSM (Metzger et al. 2015b ).
AIC from DD systems
Contrary to the case of AIC in SD systems, DD systems are not expected to have dense CSM. Therefore, the strong radio emission from the shock as in SD systems is not expected. However, we argue that AIC from DD systems has a possibility to cause FRBs.
The merger of two WDs can produce a rapidly rotating massive WD up to around 4 M ⊙ (e.g., Justham 2011 and references therein). Therefore, AIC of massive WDs can form supramassive NSs which are heavier than ∼ 2.2 M ⊙ (e.g., Metzger et al. 2015a ) and require rapid rotation to support themselves. Such supramassive NSs can be a progenitor of FRBs if they are strongly magnetized (Falcke & Rezzolla 2014) . When their rotational energy goes below the minimum rotational energy required to support themselves, the strongly magnetized supramassive NSs collapse to BHs in a dynamical timescale (e.g., Shibata et al. 2000) . During the collapse, the strong magnetic field may make a burst in radio which can be observed as a FRB (so-called the "blitzar" model, Falcke & Rezzolla 2014) . It is usually assumed that the rotational energy is lost through the dipole radiation in the blitzar model, but strongly magnetized supramassive NSs created by AIC can immediately lose their rotational energy by the r-mode instability (Andersson et al. 1999) . Therefore, supramassive NSs from AIC can collapse to BHs shortly after AIC and AIC can be immediately accompanied by FRBs. The supramassive NS model for FRBs is argued to be less favored because of the small number of magnetars observed in the Galaxy (Kulkarni et al. 2014) . However, in our scenario, the spin down of supramassive NSs is presumed to occur immediately after the AIC due to the r-mode instability, not due to the electromagnetic dipole radiation. Therefore, the magnetars resulting in FRBs can immediately collapse to BHs and the observed population of magnetars are not necessarily related to FRBs from supramassive NSs.
FRBs need to occur in a relatively clean environment because the radio signals can be absorbed by the surrounding environment if it is too dense. In the canonical AIC model leading to the NS formation, there are several suggested ways to make ejecta as discussed in the previous section. However, when AIC forms supramassive NSs, it is not clear whether there still remain ejecta as the BH formation can cease the ejecta formation. Therefore, FRBs from the DD system can occur in a clean environment and it is possible that they do not suffer from the strong absorption. Depending on the timescale of the BH transformation from the supramassive NSs, some ejecta may exist and may explain FRBs from relatively dense environment (Masui et al. 2015; Kulkarni et al. 2015) .
FRBs are also suggested to occur during the merger of magnetized WDs (Kashiyama et al. 2013) . If FRBs from the NS merger and the subsequent AIC can successfully emerged, two FRBs may occur from the same progenitor system. Because the cooling timescale of the merged WD is ∼ 10 4 years, the second FRB during AIC may occur ∼ 10 4 years after the merger.
Finally, the discovery of a repeating FRB Scholz et al. 2016) revealed that FRB models with cataclysmic phenomena cannot account for all FRBs. Therefore, our FRB model involving AIC can only explain a part of FRBs at most. However, the repeating FRB has some different features compared to the other FRBs and it is still possible that FRBs come from several progenitors including those involving cataclysmic phenomena.
EVENT RATES AND PROSPECTS FOR FUTURE
RADIO TRANSIENT SURVEYS The predicted event rates of AIC are quite uncertain. AIC from SD systems is predicted to occur ∼ 10 ). The AIC rate is also constrained by the amount of neutron-rich elements produced by AIC, and the overall AIC rate should be less than ∼ 10 −4 yr −1 in our Galaxy (e.g., Fryer et al. 1999) .
A Galactic AIC rate R AIC ≡ R −4 10 −4 yr −1 corresponds to a volumetric AIC rate of 10 3 R −4 Gpc −3 yr −1 (Metzger et al. 2009 ) if we assume that the AIC rate is proportional to the blue stellar luminosity (Phinney 1991 ). As we discussed, it is likely that R −4 1. Because the volumetric rate of FRBs is estimated to be ∼ 10 4 Gpc −3 yr −1 (e.g., Kulkarni et al. 2014 ), the AIC may not account for all FRBs, although the FRB rate might be actually close to ∼ 10 3 Gpc −3 yr −1 (Totani 2013 ). However, the repeating FRB indicates that there can be several progenitors for FRBs Scholz et al. 2016) and AIC may account for a fraction of FRBs. We also note that AIC from DD systems is naturally expected to occur in evolved galaxies as may be found for a FRB (Keane et al. 2016 , but see also, e.g., Williams & Berger 2016; Vedantham et al. 2016; Akiyama & Johnson 2016 for the arguments against the host galaxy detection). Although it is argued that the blitzar model involving young magnetars is disfavored if a FRB host galaxy is old (Keane et al. 2016) , FRBs from the blitzar model can appear in old galaxies because a collapsing magnetar can be formed during the AIC after a WD merger as we proposed in Section 3.2.
Many radio transient surveys have been performed to investigate the radio transient sky (see, e.g., Mooley et al. 2016 for a summary). AIC is an excellent target for radio transient surveys as it is particularly bright in radio (see also Metzger et al. 2015b for discussion on the detection of radio transients from AIC). Assuming that AIC becomes brighter than 10 28 erg s −1 Hz −1 (Figure 1) , we expect the AIC observational rate of ∼ 10 −4 R −4 deg −2 yr −1 with the limiting brightness of 1 mJy at ∼ 1 − 10 GHz. Assuming a typical duration of 100 days, this rate roughly corresponds to the all-sky snap-shot detection number of ∼ 1 R −4 sky −1 . Given the low expected rates, it is likely that no previous radio transient surveys have detected AIC (e.g., Mooley et al. 2016 ). This limit can be reached by a survey like Very Large Array Sky Survey with a proper cadence ). If we can reach down to 1 µJy, the expected AIC observational rate becomes ∼ 3R −4 deg −2 yr −1 (or ∼ 3 × 10 4 R −4 sky −1 ) and this can be reached by planned radio transient surveys by Square Kilometer Array (e.g., Perez-Torres et al. 2015) . Radio transient surveys synchronized with optical transient surveys are important to help identifying AIC, as AIC may be accompanied with faint or no optical transients. Such radio transient surveys are important to directly confirm the existence of AIC, to constrain the AIC rate, and to unveil the major evolutionary path to AIC.
It is also important for radio transient surveys to perform coordinated observations with GW observatories to look for possible radio counterparts of GW sources, as AIC is a possible GW emitter (e.g., Abdikamalov et al. 2010) . Because the rise times of the accompanied radio transients are shorter in higher frequencies (Figure 1 ), the radio follow-up observations in higher frequencies are easier to associate the detected transients to the GW sources. Although the poor source localization ability of the current GW observatories makes it hard to perform follow-up EM observations (e.g., Abbott et al. 2016) , the localization will be improved with the upcoming additional GW observatories.
CONCLUSIONS
We have studied AIC as a progenitor of radio transients. When AIC occurs due to accretion onto an O+Ne+Mg WD from a companion star (the SD model), a dense CSM is likely to exist around the progenitor because of the large accretion rates required for AIC. Therefore, the ejecta from AIC collide with the dense CSM and a strong shock emerges. The shock can emit bright synchrotron radiation which is observable in radio frequencies. We found that the peak radio luminosity from such progenitor systems can be ∼ 10 26 − 10 29 erg s −1 Hz −1 at ∼ 1 − 10 GHz, depending on the SD channel, and the typical rise times are ∼ 10 − 1000 days in 1 GHz and ∼ 1 − 100 days in 10 GHz. Because AIC is likely accompanied by faint optical transients whose peak luminosities are ∼ 10 41 erg s −1 , AIC is observed as radio-bright optically-faint transients. Although we focused on radio transients in this Letter, the strong interaction between dense CSM and AIC ejecta is also likely to result in strong X-ray emission.
AIC can also occur after the merger of WDs if the merger results in the formation of a WD heavier than the Chandrasekahr mass limit (the DD model). Although there do not exist dense CSM in AIC from the DD model, AIC of the massive WD may result in a FRB. If a strongly magnetized supramassive NS is formed by AIC, the NS may quickly lose its rotational energy required to support itself because of the r-mode instability and it may immediately collapse into a BH. Then, the collapsing strongly magnetized NS may cause a FRB through the "blitzar" mechanism (Falcke & Rezzolla 2014) . Because the merger of strongly magnetized WDs is also suggested to make a FRB (Kashiyama et al. 2013) , two FRBs separated by ∼ 10 4 years may occur in the same progenitor.
The rates of AIC from both the SD and DD systems are likely less than ∼ 10 3 Gyr −3 yr −1 . The observed FRB rates (∼ 10 4 Gyr −3 yr −1 , e.g., Kulkarni et al. 2014 ) are higher than the expected AIC rate and only a fraction of FRBs can be from AIC. The radio transient surveys with the limiting radio luminosity of 1 mJy are expected to detect AIC from the SD model with the rate of ∼ 10 −4 deg −2 yr −1 (∼ 1 R −4 sky −1 ) or less. Radio transient surveys like Very Large Array Sky Survey have possibilities to detect radio transients with such a rate (e.g., Mooley et al. 2016) . If radio transient surveys with the limiting luminosity of 1 µJy are performed as planned by Square Kilometer Array (e.g., Perez-Torres et al. 2015) , we expect to detect AIC with the rate of ∼ 3 deg −2 yr −1 (∼ 3 × 10 4 R −4 sky −1 ) or less. These radio transient surveys enable us to directly confirm the existence of AIC, to constrain the AIC rate, and to know the major progenitor path leading to AIC.
AIC is also suggested to be GW sources (e.g., Abdikamalov et al. 2010) . It is essential to understand the EM counterparts of GWs to identify their origins. We have shown that GWs from AIC can be accompanied by radio-bright optically-faint (possibly X-ray-bright) transients. Because the rise times of the AIC radio LCs are much shorter in the longer frequencies, the follow-up radio observations in longer frequencies can be more beneficial to identify the EM counterparts of GW sources in radio frequencies.
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